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Abstract

Celiac disease or gluten sensitivity may initially present as one or more
neurological signs and/or symptoms. On the other hand, it may be
associated with or complicated by neurological manifestations.
Neurological presentations are rare in children but as many as 36% of
adult patients present with neurological changes. With severe
malnutrition after progression of celiac disease, different vitamin
deficiencies may develop. Such problems can in turn overlap with
previous neurological abnormalities including ataxia, epilepsy,
neuropathy, dementia, and cognitive disorders. In this study, we aimed to
review the neurological aspects of celiac disease. Early diagnosis and

treatment could prevent related disability in patients with celiac disease.

Introduction

Celiac disease, also called gluten-sensitive enteropathy or nontropical
sprue, is a common cause of malabsorption.(1) Allergic response to the
cereal grain protein (gluten) causes small intestine inflammation and
results in malabsorption. (1) In fact, celiac disease is an autoimmune
inflammatory condition that affects small intestine. Reports in 1950s
suggested the prevalence of celiac disease in Europe to range from 1 in
8000 to 1 in 4000 people. (1) However, new investigations based on small
intestine biopsy have shown higher prevalence of 1 in 500 to 1 in 300
people in most countries. (1) The prevalence of celiac disease in the

United States is as high as 1 in 113 people. (1)(3) Although celiac disease

is classically a disorder among children, it has also been reported among




40-50 year-old individuals. In addition, women are affected twice more
than men.(2)

The etiology of celiac disease is not clearly known. Many factors, such as
environmental, genetic, and immunologic factors, are involved in the
pathology of celiac disease. Gliadin, a part of gluten present in rye,
wheat, and barley, is an environmental factor associated with celiac
disease.(1) The immunologic component in the pathogenesis of celiac
disease involves both innate and adaptive responses. The most important
genes associated with susceptibility to celiac disease are human leukocyte
antigen (HLA)-DQ2 and HLA-DQ8.(3)(4) Absence of this relationship
fundamentally excludes the diagnosis of celiac disease. (1) HLA typing
for both DQ2 and DQ8 may be useful in patients with equivocal small
intestine biopsy. (5)(6) Serum antibodies [anti-gliadin immunoglobulin A
(IgA) antibody, IgA anti-endomysial antibody, and IgA antibodies to
tissue transglutaminase (tTG)] are present in celiac disease. Due to high
specificity (90-95%) and high sensitivity (90-95%), antibody studies are
frequently used to identify patients with celiac disease. (1)(7)

As for the Clinical Manifestation of Celiac disease. Few patients
present with classical signs and symptoms primarily to celiac disease or
secondary to vitamin deficiencies and nutrient malabsorption. A bigger
group of individuals have some manifestations that are not related to
gastrointestinal malabsorption, e.g. osteopenia, anemia, and neurologic
complications. This type of disease is called atypical celiac disease. Most
patients are asymptomatic and diagnosed by serologic investigation and
histopathological studies. This type of disease is referred to as silent

celiac disease. (1)

Although gluten-sensitivity is classically a disease of infants, celiac

disease often presents in later, especially in the second and fifth, decades
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of life.(8) Consequently, well-known features of a child with life
threatening malabsorption is replaced by an atypical or silent celiac
disease in adults.(8) Patients may experience typical gastroenterological
manifestations such as steatorrhea, flatulence, bulky stool, and weight
loss or complications of severe malnutrition such as anemia and
metabolic disorder. They may also have atypical manifestations without
gastrointestinal symptoms that present with folate or iron deficiency. (9)
Therefore, asymptomatic relatives of patients with celiac disease have to
be screened by serologic or small bowel biopsy studies.(1) On the other
hand, there has been a shift from fewer patients who present with typical
gastroenterological manifestations to more patients with silent or atypical
disease. (9) Neurological presentations are rare in children but as many

as 36% of adult patients present with neurological changes. (2)

Neurological effects

1- Cerebellar ataxia

Cerebellar ataxia (CA) is one of the most frequent neurological
manifestations related to celiac disease (CD) (8), and may be the only and
initial clinical manifestation of this disease (9) without any association
with gastro-intestinal symptoms or malabsorption signs.Gluten ataxia is
purely cerebellar and involves the entire cerebellum (10) , and it's clinical
signs are :gait ataxia , limb ataxia,Dysarthria , pyramidal signs, altered
eyes motions , progressive impairment of stability and erect position (11)
and Rarely, CA is associated with myoclonus, palatal tremor, chorea and
opsoclonus (12). Cerebellar ataxia have variant degrees of severity, The
severity of CA is assessed at presentation with a simple clinical rating

scale as:mild, when the patient is able to walk unaided. moderate, when
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the patient needs walking aids/support to be able to walk or Severe, when

the patient is wheelchair bound (13).

There are several theories for The diagnosis of gluten ataxia for example
according to Ibara et al , gluten ataxia may be diagnosed if the
following conditions are present, positivity of IgA AGA and/or IgG
AGA, presence of sporadic CA, duodenal histology compatible with CD,
clinical response to gluten free diet (GFD). Anti-transglutaminase
antibodies (TGA) IgG, such as TG2 and TG6, are often evident in this
group of patients and are correlated to an immune response in the central
nervous system (CNS) (14). Antibodies to TG2 and TG6 may be present
in patients with ataxia and blood negative AGA (15). Gluten ataxia has a
late mean age of clinical presentation, on average 53 years (range 13 to
90) (15) with a diagnostic delay of 10 years when compared to patients
presenting with gastro-intestinal symptoms (mean age 43.8 +/- 15 years)
(14). While Hadjivassiliou et al. (14) reported a prevalence of 78% of
Blood 1gG AGA, 65% IgA AGA, and 43% with both antibodies IgG and
IgA. At present, however, the availability of TG6 antibodies
analysis/testing is limited because these antibodies had only been
discovered recently (2006) (14) and their importance in neurological
manifestations of CD had not been established until 2008 (14). The role
of autoimmunity in CD is well established due to the presence of a
recognized target auto-antigen in the form of TG2 (13). The patients
effected by gluten CA showed an immunological response against a
primarily brain expressed TG, such as TG6 (16). Immunoglobulin
deposits against TG6 and TG2 in the brain vessel walls could be found in
patients with gluten ataxia (17). At this point, the time when
Transglutaminase (TG) antibodies such as TG2, TG3, and TG6, appear in

the blood stream, is not noted (14). Magnetic resonance (MR)
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spectroscopic studies may show evidence of abnormal cerebellar neuronal

physiology (18). A significant difference in mean

N-acetylaspartate/creatine levels has been observed between patients

with gliadin antibodies and healthy controls (18).

2- Neuropathy

Another neurological manifestation of celiac disease is peripheral
neuropathy. Some studies have reported that up to 50% of patients with
celiac disease may develop a form of peripheral neuropathy.? Subclinical
peripheral neuropathy in celiac patients without electrophysiological
changes is demonstrated by lower pain threshold and reduced heat and
touch sensations..?° ,Normal nerve conduction while there are permanent
and severe pain and sensory loss are evidences for small-fiber
involvement and could be considered as early findings in celiac
neuropathy, also Presence of many symptoms in favor of peripheral
neuropathy while results of electro-diagnostic studies are normal, show
peripheral neuropathy is restricted to small neurologic fiber alone in
which electro-diagnostic study is not sensitive enough to detect

abnormalities of small fiber.2

while in physical examination, The predominant manifestation of
peripheral neuropathy is sensory neuropathy with variable involvement of
large and small fibers.2L Since peripheral neuropathy may precede the
diagnosis of biopsy-proven celiac disease, celiac disease should be
considered especially in patients with symmetrical distal form of sensory
neuropathy.22 2 Another neuropathic manifestation of celiac disease is a
rapidly progressing syndrome like : acute inflammatory demyelinating,

polyneuropathy,mononeuritis multiplex, pure motor neuropathy,
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autonomic dysfunction, Guillain-Barre-like syndrome.2A rare
manifestation of neuropathy is associated with lymphoma in complicated
and prolonged celiac disease. It may occur directly or indirectly as a
paraneoplastic involvement.2*Electrodiagnostic studies and biopsy
samples from skin or sural nerve may be abnormal and autoantibodies

against gangliosides may be detected.2> 2

3- Seizures

A specific seizure disorder syndrome has been recorded in celiac disease
with bilateral occipital calcification. This intriguing, but rare entity was
first described in 1970 and was later confirmed, particularly in reports
from Italy. The majority of patients had complex partial seizures referable
to the occipital or temporal lobes; however, generalized seizures may also
occur. Calcification is generally bilateral and, pathologically, the
calcifications consist of patchy pialangiomas, fibrosed veins and large

microcalcifications containing calcium and silica (24, 25).

4-Headache

An association between celiac disease and migraine headaches was not
established when compared to general population. However, results of
functional imaging studies such as single photon emission computed

tomography (SPECT) were in favor of migraine, and a gluten free diet

may lead to a improvement in the migraine in these patients.2’




4- Cognitive Complications of Celiac Disease

adult celiac patients often present with mild cognitive symptoms known
as “brain fog” [28]. The most common features reported include
-attention and concentration difficulties, word-retrieval challenges,
episodic memory deficiency, disorientation or confusion episodes,
declined mental acuity, various forms of dementia, including vascular
dementia (VaD), Alzheimer’s disease (AD) and frontotemporal dementia,
have been shown to be associated with CD [29,30] . so attention,
memory, executive functions, and visuospatial abilities need to be
screened among every patient with CD, both during the disease
progression and at the time of diagnosis. Because direct link is yet to be
known but A number of mechanisms have been put forward to account
for the deleterious effect of gluten-associated diseases on cognitive
abilities, including nutritional deficiencies, regional cerebral
hypoperfusion, increased levels of circulating cytokines caused by
systemic inflammation, and low levels of brain serotonin [31,32,33]. In
general, however, limited research has dealt with this topic extensively. It
is already known that AGA tends to react with the brain blood vessels
[34], thus contributing to the findings from an extensive epidemiological
investigation showing that CD results in an increased risk of dementia
[35]. Additionally, CD displays a cross-reactivity with the neuronal
synapsin 1 that regulates the release of neurotransmitters, suggesting that
the antibody has the potential to disrupt the functions of the brain outside
its vasculature [36]. At the same time, studies have associated AGA with
increased depression rates among patients with and without the disease
[37,38]. Therefore, there is a strong evidence to suggest that AGA
positivity results in brain pathology, either by a proinflammatory state

induction or by cross-reactivity phenomena. In addition, it is known that




anti-tTG6 antibodies are frequently the pathogenic trigger for

neurological manifestations in CD [39,40].

As for treatment, cognitive and mood improvement was shown to occur
only after a long-term GFD (>5 years) [28,41,42], indicating the rationale
of prolonged gluten restriction on extra-intestinal symptoms of CD as
well. Consequently, GFD should be administered as early as possible
after the disease onset, given its potential neuroprotective effect.
Undeniably, indeed, AGA levels tend to decrease when individuals take
less gluten [43] and GFD has the potential to stop the development of
other gluten-associated pathologies [39,44,45,46]. Nonetheless, the effect
of GFD still remains a debatable issue and patients >65 years old present
with worse cognitive performance compared to sex-and age-matched

controls even after a long-term treatment with GFD [47].

6- Myoclonic Syndrome

A myoclonic syndrome, often accompanied by ataxia, may occur in celiac
disease. This situation occurs in presence of normal levels of vitamins E
and B12.%€ These patients have gastrointestinal symptoms such as
abdominal pain, chronic diarrhea in different degrees, and action or reflex
myoclonus.?? Myoclonus may present as focal, multifocal, or generalized
convulsions. It starts with polyspike discharges on electroencephalogram

(EEG). Jerky movements will develop after discharges. In addition,

opsoclonus-myoclonus has been described in a child with celiac disease.*




7 -Vitamin Deficiency Syndromes

Vitamin deficiency secondary to malabsorption in celiac disease can
cause abnormal neurological findings.! For the presence of neurologic
manifestations secondary to celiac disease, severe and extensive
involvement of small intestine, especially its proximal part, is

necessary.>:

-Thiamin (vitamin B1) deficiency due to celiac disease per se is rare but
was reported in the presence of concomitant alcohol abuse or substance
dependence.2t Wernicke-Korsakoff syndrome results in thiamin
deficiency. In addition, anything that encourages glucose metabolism will
exacerbate an existing clinical or sub-clinical thiamine deficiency. 22 On
the other hand, thiamine deficiency may lead to beriberi which in turn
leads to a sensory axonal neuropathy and may be presented by burning
feet and cardiac failure.>® alsoThe main absorptive site for vitamin B12 is
the distal part of the small intestine. Since this site is not usually involved
in celiac disease, vitamin B12 deficiency is generally uncommon in
uncomplicated celiac disease. However, vitamin B12 deficiency has been
reported in celiac patients due to pancreatic involvement and bacterial
overgrowth that had altered ileal receptors uptake and motility function of
the small bowel. Another possible reason for vitamin B12 deficiency is
the presence of autoimmune gastritis with pernicious anemia
accompanied by celiac disease.>* whileVitamin E deficiency can lead to
ataxia and sensory neuropathy in patients with celiac disease.> Niacin
deficiency may present by dementia, ataxia, and seizure but this problem

is rare.2
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Conclusion

In the end of this study we found that celiac disease in addition to its
gastrointestinal manifestations it also has several effects on the nervous
system that appear in a variant degree between patients , with cerebral
ataxia being the most common effect , CA has many signs as it involves
the whole cerebellum. In addition to cerebral ataxia , peripheral
neuropathy may also occur and it mainly involves the small fibers and
mostly manifest as sensory loss and sever pain. We also found that celiac
disease may cause seizures, the majority of these seizures being complex
partial seizure, and less frequently generalized seizures may occur. Celiac
disease also associated with concentration difficulties, episodic memory
deficiency and other cognitive complications that are found to be
improved after committing to a long term gluten free diet. Another
important finding in this study is the neurological problems that occur
secondary to vitamin deficiency that results from the malabsorption that
Is associated with celiac disease. As for the treatment of these
complications many of them are found to be improving with diet control
but further studies are needed to determine the role of gluten-free diets in
treatment of neurological manifestations in the absence of overt intestinal
disease. Nutritional deficiencies, which are rarely the sole cause of

neurological manifestations, are easily correctable
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